In this paper, comparative analysis of the circle fitting empirical method and the parabola fitting method for determination of the radius of curvature for rounded edge diffraction obstruction was presented. Sample elevation profile data for a 40 Km path with hilly obstruction was collected using web-based Geocontext elevation profile tool. The maximum elevation of 307.4569 m occurred at a distance of the maximum elevation point from the transmitter. The two radius of curvature methods were applied to the elevation data. The exact radius of curvature based on the circle fitting empirical method is 38,375.22 m whereas the radius of curvature based on the International Telecommunication Union (ITU) parabola fitting method is 34, 029.98 m. Furthermore, while the radius by the empirical circle fitting method remained the same under different microwave frequencies, for the ITU parabola fitting method, there was over 89 % reduction in the radius of curvature from 60,369.69 m at 1 GHz L-band microwave frequency to 11,476.36 m at 12 GHz Ku-band microwave frequency. The essence of this study is to demonstrate the wide variation in the radius of curvature due to the frequency and also to advise that the ITU method may be used only when the ITU method of rounded edge diffraction loss is employed. The other rounded edge diffraction loss methods can use other approximation methods that compare favorably with the exact radius in all frequencies.
INTRODUCTION
Nowadays , there is wide adoption of wireless communication across the globe [1, 2, 3, 4] . As the adoption of wireless communication increases, experts are facing running challenges in providing adequate quality of service to the teeming population of wireless communication network users. One of the challenges in wireless communication is the diffraction loss due to obstructions in the path of the wireless signal [5, 6, 7, 8, 9, 10] . Obstructions like mountains and trees are in some cases modeled as knife-edge obstructions [11, 12, 13, 14, 15, 16, 17, 18] . However, further studies revealed that single knife-edge model of such obstruction usually underestimate the actual diffraction loss posed by obstructions like hills. In respect of this finding, for hilly obstructions , rounded edge obstruction model is usually used instead of the knife-edge model [19, 20, 21] .
Generally, in the rounded edge obstruction model, a curve is fitted to the vicinity of the hill apex. The radius of curvature of such curve along with angles made by tangent lines to the curve is then used in the computation of the rounded edge diffraction loss. One of the popular methods of generating the curve is by fitting a circle to the vicinity of the hill apex. However, the International Telecommunication Union (ITU) developed a parabolic curve fitting reproach for the rounded edge diffraction loss computation [22] . Remarkably, based on the underlying formula and constraint presented by ITU, the radius of the parabolic curvature is affected by the frequency of the signal. In this paper, comparative study of the ITU parabola fitting method and the circle fitting method for determination of the radius of curvature of rounded edge obstruction is presented. Specifically, for the circle fitting method, the exact radius of curvature is obtained using empirical measurements conducted on the path elevation profile plot of the hilly obstruction along the signal path. The study is meant to show the disparity in the values of the radius of curvature obtained using the two methods and how the values vary with respect to the frequency.
THE RADIUS OF CURVATURE BY THE ITU PARABOLA FITTING METHOD
Unlike the other approximate method that tends to use radius of circle to determine the radius of curvature for rounded edge diffraction loss computation, the International Telecommunication Union (ITU) uses a parabolic fitting approach whereby a parabola is fitted to the vicinity of the obstruction apex. The ITU approach requires that the maximum vertical distance from the apex of the obstruction should be about the same as the radius of the first Fresnel zone computed at the point where the obstruction apex is located. The parabola along with the parameters used for the ITU parabola fitting method is shown in Figure 1 ' Figure 1 The parabola along with the parameters used for the ITU parabola fitting method First, the radius of the first Fresnel zone at the apex of the obstruction is computed as follows [23] ;
Where f is frequency in GHz and in Km is the distance of the obstruction apex from the transmitter while in Km is the distance of the obstruction apex from the receiver.
Then, based on Figure 1 and the ITU parabolic fitting approach , if is the elevation of the obstruction apex, then all elevation data points with elevation such that are used in the computation of the parabola parameter. Now, if the coordinates of the obstruction apex is given as and there are Na elevation data points that satisfy the condition that then the radius of curvature, of the parabola at elevation point i with distance and elevation coordinates given as is computed as follows [22] ; for i =1,2,3,…,Na (2) for i =1,2,3,…,Na (
for i =1,2,3,…,Na (
Eventually, the median radius of curvature of the obstacle is given by [22] :
THE EMPIRICAL METHOD FOR COMPUTING THE EXACT RADIUS OF CURVATURE FOR ROUNDED EDGE DIFFRACTION OBSTRUCTION
Unlike the ITU method that fits in a parabola to the vicinity of the apex of the hilly obstruction, the exact method fits in a circle, as shown in Figure 2 . So, the focus of the exact method is to determine the radius of the circle.
Figure 2 The path profile of the Hilly obstruction along with the sketch of the circle to be fitted by the exact method and the parabola to be fitted by the ITU method
In order to determine the radius of the circle, first, a tangent line TP 1 is drawn from the transmitter, T to the path profile, which in this case is tangential at point P 1. A tangent line RP 2 is drawn from the receiver, R to the path profile, which in this case is tangential at point P 2. Line TP 1 and line RP 2 are extended to intersect at V , as shown in Figure 3 . A line perpendicular to line TP 1 is drawn at point P 1 . Another line perpendicular to line RP 2 is drawn at point P3 . The intersection of the two perpendicular line at point C gives the center of the circle. The line CP1is the radius of the circle and it can be measured using a ruler. A protractor can be used to measure the relevant angles namely, and . Also, the clearance height, h can also be measured using a ruler. Other lines that their lengths are needed to be measured are line TP1, RP1, the occultation distance P1P2 or line FG which is the horizontal distance between point P1 and point P2; line BR which is the path length or the distance between the transmitter and the receiver. Line BT which is the difference in the elevation between the transmitter and the receiver. 
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RESULTS AND DISCUSSIONS
Sample elevation profile data was obtained using the Geocontext elevation profile web application. The elevation profile data obtained for a path with the hilly obstruction is given in Table 1 and Figure 4 .
In Table 2 , the maximum elevation is 307.4569, the distance of the maximum elevation point from the transmitter , , the distance of the maximum elevation point from the receiver , , the frequency is 4 GHz, so the radius of the first Fresnel zone at the maximum elevation point is 16.49248 m. As such in For the given elevation profile data, the radius of the rounded edge fitted in the vicinity of the hilly obstruction apex was determined for a number of frequencies and the results are given in Table 3 . The results show that the radius of curvature by the ITU method is significantly affected by the frequency. There was over 89 % reduction in the radius of curvature from 60,369.69 m at 1 GHz L-band microwave frequency to 11, 476 .36 m at 12 GHz Ku-band microwave frequency. On the other hand, the exact radius by circle fitting empirical method did not change with the frequency. The essence of this study is to demonstrate this wide variation in the radius of curvature due to the frequency and also to advise that the ITU method may be used only when the ITU method of rounded edge diffraction loss is employed. The other rounded edge diffraction loss methods can use other approximation methods that compare favorably with the exact radius in all the frequencies. 
CONCLUSION
The radius of curvature for rounded edge diffraction loss computation is determined using two different methods are presented. The methods are , one , the circle fitting empirical method which gives the exact radius for the circle and two, the International Telecommunication Union (ITU) parabola fitting method which fits a parabola to the vicinity of the obstruction apex. Requisite analytical expressions for the two methods are presented. A sample elevation profile data for the path with the hilly obstruction was collected and used to examine the effect of the frequency on the radius of curvature obtained using each of the two methods. The exact radius of curvature based on the circle fitting empirical method maintained the same value of the radius of curvature under different microwave frequencies. However, the ITU parabola fitting method gave over 89 % reduction in the radius of curvature when the frequency was varied from 1 GHz L-band microwave frequency to 12 GHz Ku-band microwave frequency. The study clearly demonstrated that for the ITU parabola fitting method there is wide variation in the radius of curvature due to the frequency.
